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Outline

dBrief introduction to nanocrystal
quantum dots

dFluorescence line narrowing, “dark”
and "bright" excitons in colloidal CdSe
nanocrystal quantum dots

A Polarization -resolved high-resolution
resonant photoluminescence
measurements in high magnetic fields:
probing the exciton spin states

O Electron-hole exchange interaction
and the exciton Zeeman splitting in
CdSe nanocrystals

dConclusions
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Colloidal CdSe Nanocrystal Quantum Dots
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Fluorescence Line Narrowing (Resonant Excitation)
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A. L. Efros, M. Rosen, M. Kuno, M. Nirmal, D. J.
Norris, and M. Bawendi, Phys. Rev. B 54, 4843
(1996).

QElectron-hole interaction and the
wurtzite symmetry lift the eight-fold
degeneracy of the exciton ground state

QThe result is a five-level "exciton fine
structure”
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Probing Exciton Spin States in Quantum Dots
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Experiment

Zero-field high resolution
resonant PL spectrum
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PL Spectra as a Function of Magnetic Field
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The “"Spin Flip-Like"” Transition
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Electron-Hole Exchange Interaction
Hamiltonian in a Magnetic Field
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Jd.. 9, = electron, hole g-factors
z-direction = c-axis
A = “dark"-"bright" splitting

a = zero field splitting of
the J=1 state

Magneto-PL studies of self-assembled CdSe/ZnSe QDs-long range exchange
interaction is responsible for a zero-field Zeeman splitting of the J = 1 state (J. Puls,
M. Rabe, H. -J. Wiinsche, and F. Henneberger, Phys. Rev. B 60, R-16303 (1999)).
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Zeeman Splitting and the Crystal Orientation
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Zeeman Splitting of the J=1 State
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"spin precession measurements J. A. Gupta, D. D. Awschalom, Al. L. Efros, and A. V. Rodina, Phys. Rev. B
66, 125307 (2002).
"“measured in the present experiment



Conclusions

Exciton spin states were probed by spin-resolved high resolution
magneto-PL experiments

Developed fiber-coupled probe that minimizes collection of scattered
excitation

Observed transition associated with the spin-flip of J = 1 excitons

Finite splitting at OT -long range exchange interaction?

Raman spin-flip or photoluminescence?
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Zeeman Splitting for Randomly Oriented QD
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